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(1) Int. CL. (57) ABSTRACT
F41G 1/00 (2006.01) .. . .
F41G 1730 (2006.01) A fire-control system comprising a housing, a light channel,
F41G 3/06 (2006.01) through which a user may directly observe a target and
GO2B 23/10 (2006.01) receive visually displayed information simultaneously, where
F41G 1/473 (2006.01) the light channel comprises partially reflective optics, a light
F41G 3/08 (2006.01) source adapted to emit light to the partially reflective optics
(52) US.Cl via an optical path, providing light for a reticle visible for a
CPC ‘F41G 100 (2013.01); F4IG 1/30 (2013.01); user, and a control unit for receiving a measure of the distance
b0ZB 23/10 (2013 0'1), }741G 1473 (2013'01)f to the target and for determining the adequate position of the
F41G 3/06 (201'3 0’1), F41G 3/08 (2013' 01)’ reticle, based on the distance to the target, wherein at least one
(53) Field of Classification Seé;rcll’ ’ tiltable mirror is arranged in the optical path such that the

CPC ........... F41G 1/00; F41G 1/30; F41G 1/473;
F41G 3/06; F41G 3/08; GO2B 23/10

position of the reticle in controllable by the tilt of the mirror.

8 Claims, 2 Drawing Sheets
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1
FIRE-CONTROL SYSTEM

This application is a National Stage Application of PCT/
SE2012/050153, filed 14 Feb. 2012, which claims benefit of
Serial No. 1150113-7, filed 14 Feb. 2011 in Sweden and
which applications are incorporated herein by reference. To
the extent appropriate, a claim of priority is made to each of
the above disclosed applications.

FIELD OF THE INVENTION

The present invention relates to a fire-control system, and
in particular to a fire-control system adapted for use with a
weapon firing ammunition with a relatively high trajectory or
firing with low-trajectory ammunition at longer distances.
The invention also relates to a method of displaying a reticle
and to a computer program for executing said method.

TECHNICAL BACKGROUND

When using ammunition with low exit velocity, high tra-
jectory or firing at targets at a significant distance, where the
time of flight is significant, the weapon sight has to have
certain properties. In such conditions the barrel of the weapon
needs to have a considerable elevation in order for the ammu-
nition to reach the target. A normal sight will generally not
suffice, since it is difficult or impossible to have a visual
contact with the target via the sight and at the same time have
the correct inclination of the barrel, thus aiming is impossible.
Also the sight may need to cover a considerable interval of
inclinations, which introduces further limitations. In this con-
text it should be clarified that some weapons/ammunitions
have an inherent high trajectory, while others only have high
trajectory when applied under certain conditions, e.g. ammu-
nition normally following a level trajectory in shorter ranges
will generally fall within the definition of high trajectory if the
distance they travel to the target is considerable. For the
purpose of the present invention this is the relevant definition
of high trajectory.

The known solution to the above problem has been to
incorporate an iron sight, similar to those used for historical
long guns, with a foldable primary part including distance
markings, e.g. tang sight or ladder sight, such that if the
distance is known, the correct distance marking can be used.
This type of sight is still used, since it provides a rugged,
simple solution.

The present applicant has presented a solution to the above
problem in WO 2009/092673.

The solution presented in the above application features the
use of a two-dimensional RCLED display (RCLED—Reso-
nant Cavity LED), which may be used to image several dif-
ferent reticles, compensated for distance to target or other
factors. The use of RCLEDs enables a rugged technical solu-
tion with comparably low power consumption. The manufac-
ture of RCLEDs, and in particular two-dimensional arrays of
RCLEDs is highly complex, which affects the cost of this
component, and of the fire-control system. Though the known
product has excellent characteristics there is still room for
new products within the present field.

When using high-trajectory ammunition in a field condi-
tion it is obviously important to maintain an elevated aware-
ness regarding the events in the surroundings. Therefore it is
beneficial and desired to have a fire-control system that does
not include optics or electronics distorting the field of view,
e.g. an optical or electronic system that creates a real or
imaginary image of the target which is not in the line of sight
between the aiming eye of the user and the actual target. Also,
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it is beneficial to be able to look at the target with the other eye
while aiming. For this reason a sight, or a fire-control system,
in accordance with the present invention is a low-magnifica-
tion sight or more preferably a non-magnifying sight, in
which the view of the target is essentially unaffected by the
presence of the sight between the eye of the user and the
target.

SUMMARY OF THE INVENTION

To this end an inventive fire-control system comprises:

a housing; partially reflective optics, through which a user
may observe a target and receive visually displayed informa-
tion simultaneously; a light source, for generation of the light
for a reticle; means for receiving a measure of the distance to
the target; a processor, for determining the adequate position
of the reticle, based on the distance to the target, and for
controlling the tilt of at least one tiltable mirror arranged in
the beam path between the user and the light source so that the
reticle may visualized at the adequate position. As used herein
“tiltable” includes that the inclination of the mirror may be
altered in three dimensions or along two axes, and it is thus
not limited to the mirror being pivoted around a single axis.
The at least one tiltable mirror may also be used for visual-
ization of other information, such as text, numbers or images.

According to one embodiment the light-source is a single
point source, preferably an RCLED and the tiltable mirror is
used to direct the light from the light source such that the
reticle is imaged in the correct position. According to this
embodiment the only movable component is the tiltable mir-
ror, which vouches for the possibility to construct a rugged
device.

According to another embodiment the light source is
arranged to illuminate a two-dimensional array of individu-
ally controllable micro-mirrors. This setup enables for the
array to direct only one, or a selected portion of all the con-
trollable micro-mirrors in such a way that the light is for-
warded towards the eye of the user, whereby a reticle may be
formed. One commercial example of such a micro-mirror
array is device is DMD (Digital Micromirror Device) con-
trolled by DLP (Digital Light Processing). Such devices are
present in e.g. display apparatuses such as projectors, and one
alternative possible is the TALP1000B micromirror provided
by Texas Instruments. In this embodiment it may suffice to be
able to arrange each mirror in one position where light is
forwarded into the optical path to form an image to the user
and one position where the light is not, i.e. a bistable mirror
suspension.

According to one embodiment the mirror of any previous
embodiment is coated such as to reflect light of the specific
wavelength or wavelength interval emitted by the light
source.

The main purpose of the sight is obviously to assist the user
in striking the target, and the fire-control system will provide
a reticle to be superimposed on the target. It should be noted
that there are other possibilities than to superimpose a reticle.
The reticle could have another form, such as a crosshair form
or a circular form, and these embodiments fall within the
scope of the claim. The mirror enables the display of a reticle,
which is movable in a vertical direction, so as to be able to
mark a reticle for various distances to a target.

The position of the reticle is calculated on basis of the
measured distance to the target. In the case of a miss of the
target, the possibility of displaying several reticles may be
useful when correcting the position of the reticle, e.g. by
letting the used reticle remain on the target while another
reticle is electronically moved the actual point of impact. In
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this way the processor may correct the calculation of the
reticle so that the next firing will result in a hit.

The processor may include tables and/or algorithms
regarding the performance of various types of ammunition.
The apparent parameter needed is related to the trajectory for
various distances, since the position of the reticle relies on this
type of data. However, the processor enables far more
advanced maneuvers, such as correction for wind speed,
inclination, air pressure, humidity, corrections etc, and makes
the fire-control system very versatile. Therefore, in one or
more embodiments the fire-control system may also contain
data regarding various types of ammunition, and in such cases
this data is included in the acquisition of the position of the
reticle. This acquisition may also include data regarding air
speed, air temperature, humidity, tilt of the weapon in a cross
direction, and other factors affecting the trajectory of the
ammunition, and the choice of reticle. One further example is
that there are two elevations for which the ammunition will hit
the target, a lower elevation—resulting in a lower trajec-
tory—and a higher elevation—resulting in a higher trajec-
tory. Depending on the type of target, the terrain in front of the
target, and the ammunition either the higher or the lower
trajectory may be preferred. By providing the desired sce-
nario to the CPU it may, if geometrically possible, show either
one or both of the applicable reticles.

In the above context the term “position™ relates to the
position in a plane orthogonal to the line of sight between the
eye of the user and the target. However, in many applications
it is also important at what distance from the users eye the
image of the lit part, i.e. the reticle, of the light source is
located.

The optics displaying the reticle for the user may comprise
optics being adapted to create an image of the reticle which is
essentially parallax free relative to the target. An essentially
parallax free reticle significantly simplifies the task of the
user, since there is no requirement to align any other compo-
nents than to simply superimpose the reticle on the target and
fire. If high-trajectory ammunition is used, the sight window
through which the user observes the target is generally sig-
nificantly larger than what is used for a normal telescopic
sight since it should allow for a significant inclination of the
weapon, and thus of the fire-control system, with maintained
visual contact with the target through the fire-control system.
An essentially parallax free reticle is generally created by
having the optics generating an image at an infinite distance
from the user, or at a typical distance for use, such as 300 m.
This also means that the normal human eye may be relaxed,
for the benefit of the user’s ability to concentrate during long
time. If the reticle is located at an infinite distance from the
users eye, or 300 m, and the target is located 100 m away,
there will be some parallax, though it has no significant
impact on the precision of the weapon, as long as the user may
still superpose the reticle on the target while looking in the
fire-control system. Due to the fact that targets will be located
at various distances a completely parallax free reticle is very
difficult to achieve, which is why the word “essentially” have
to be included. For the purpose of this invention “essentially
parallax free” optics having inherent very low dependency on
distance to observed object with regard to showing little or no
parallax effects.

In one or more embodiments the fire-control system may
be combined with equipment for infrared illumination and/or
night-vision systems, which may increase the usability of the
fire-control system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a fire-control system
according to a first embodiment of the invention, in a side
view.
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FIG. 2 is a schematic illustration of a fire-control system in
accordance with a second embodiment of the present inven-
tion.

FIGS. 3q and 34 are schematic front views of micro-mirror
arrays which may be used in connection to a sight in accor-
dance with the second embodiment.

DESCRIPTION OF EMBODIMENTS

FIG. 1 isaschematic view of a sight 100 according to a first
embodiment of the present invention. In this embodiment a
light source 102, preferably a point source such as a single
LED or more preferably an RCLED provides the light for a
reticle to be visualized. The optical path of the light is illus-
trated by the full line on which arrow heads indicate the
direction. After being deflected by the tiltable mirror 106 the
light is reflected off the component 114 by which it is directed
towards the user (indicated by the eye). An optical flat (glass
window) 116 is arranged between the components 114 and
the eye of the user. Returning to the component 114 this
preferably has the properties of a parabolic mirror with
respect to the light from the light source 102, yet for most
embodiments it comprises a mangin mirror, which is less
complicate to manufacture than an actual parabolic mirror. It
should also be noted that the user observes a target area
through the components 114 and 116. Because of this the
component 114 also preferably comprises a compensating
arrangement such that distortion of the target area is kept as
low as possible. This also implicates that the reflective surface
of the mangin mirror is accomplished by a coating reflecting
the wavelength of wavelength interval emitted by the light
source while transmitting all other visible wavelengths.

As the range to a target is acquired a control unit may
determine the correct tilt for the mirror 106, resulting in the
correct position for the reticle. Further imaging optics may be
arranged in the optical path between the light source and the
semitransparent component 114.

The dotted frame indicates that the illustrated components
are arranged within a housing of the fire-control system.

Inthe second embodiment of the sight 200, as illustrated by
the schematic illustration of FIG. 2, there are some clear
differences, in respect of how the position of the reticle is
controlled. In this embodiment the light-source 202 illumi-
nates a two-dimensional array 206 of micro-mirrors, option-
ally via additional optics 204. The optics 204 may serve to
ensure an even illumination of the micro-mirror device 206.
In the least complex embodiment each micro-mirror may
assume two positions. In a first position it forwards the light
from the light source towards the eye of the user, and in a
second position it does not. Additional optics 208, 210, 212,
214 is used to image the micro-mirror device to the user. The
component 214 may have similar properties as the component
114 of the first embodiment, and it may be a mangin mirror as
well.

A control unit may determine which of the micro-mirrors
that should be positioned in the first position, and thereby
determine the position of the imaged reticle (or other visually
displayed information such as text, numerals or images). A
potential drawback of this embodiment is that only a small
portion of the emitted light is forwarded to the user, and it is
therefore not as energy efficient as the first embodiment.
Therefore embodiments where the micro-mirrors may be
controlled to more positions than the on or off position
described above are contemplated. In such an embodiment
several micro-mirrors may be used for imaging a single
reticle.
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The function of micro-mirror devices has been described
before, and it will not be disclosed any further here.

FIGS. 3A and 3B illustrate two alternative embodiments of
micro-mirror arrays 12, which may be used in relation to the
present invention. The array disclosed in FIG. 3A is of stan-
dard design in regard of its shape (being rectangular or qua-
dratic), and the array of FIG. 3B has been invented for use in
the present fire-control system and has a trapezoid shape. The
shorter of the parallel sides of the trapezoid has a width of
about 30-50 pixels, e.g. 40 mirrors, and the longer of the
parallel sides has a width of about 100-140 mirrors, e.g. 120
mirrors. The distance between the parallel sides may be about
150-200 mirrors, e.g. 175 mirrors. Other trapezoid shapes are
feasible without departing from the scope of this part of the
present invention.

The trapezoid shape will result in several advantages, all
relating to the fact that the function of the array will be
maintained while its area will be reduced (both as compared
to aconventional rectangular array). Firstly, and perhaps most
importantly, the present applicant has not revealed any sig-
nificant disadvantages, which makes it easier to appreciate
the advantages. One advantage is that during production the
inventive design enables more arrays to be produced per unit
area. The array of FIG. 3B is arranged in the fire-control
system 1 so that the narrow end may be used to image the
reticle for targets being far away. The shape of the array
results in a fewer number of pixels, which increases the yield
during production.

The image generated by an inventive sight may be a virtual
image created at an infinite distance from the user, in order to
relax the eye of the user maximally.

Optionally a laser rangefinder (not shown) may be incor-
porated in the present sight. Such a laser rangefinder may be
of standard type operating at 1550 nm (not visible with stan-
dard night-vision systems) which may also be the case for the
processing hardware, software and storage capabilities uti-
lized. Other standard wavelengths used are around 900 nm,
still in the infrared, and visible light. The latter having the
disadvantage of exposing a visible flash of light.

The distance to the target is generally measured with the
rangefinder and automatically forwarded to the control unit,
yet a distance setting could also be input by the user, or by the
sight receiving information by other means. The same is true
for the type of ammunition, which either is detected automati-
cally or input by the user.

The housing of the sight needs to be rigid and durable. In
one embodiment it is made of extruded, high strength alumi-
num, which is anodized, providing a strong, rigid and durable
housing with a low weight. Instead of being extruded the
housing may also be machined from a solid piece or from a
mould of base material. There are other alternatives for the
housing too, such as reinforced plastics or composite mate-
rials. For the first embodiment actual control of the RCLED
intensity may be performed by varying pulse length to the
RCLED in such a way that the human eye interprets it like a
variation in intensity. This control method is thoroughly
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described in the application EP 1 210 561 A by the present
applicant and will not be described in any further detail here,
though the relevant details of said application are incorpo-
rated by reference. Also adjusting the current in the pulses can
be used to increase the range in which the intensity can be set.
This is particularly important when using NVD.

The invention claimed is:

1. A fire-control system comprising

a housing,

a light channel, through which a user may directly observe
a target and receive visually displayed information
simultaneously, said light channel comprising partially
reflective optics,

alight source adapted to emit light to the partially reflective
optics via an optical path, providing light for a reticle or
other information visible for a user, the reticle having a
position,

a control unit for receiving a measure of a distance to a
target and for determining an adequate position of the
reticle, based on the distance to the target, and

at least one mirror assembly comprising a plurality of
micro-mirrors arranged in a two-dimensional array,
wherein each micro-mirror has an adjustable angle;

wherein the at least one mirror assembly is arranged in the
optical path such that the position of the reticle is controllable
by adjusting the angle of one or more micro-mirrors wherein
each micro-mirror can be controlled to assume at least two
positions, with a first position where the micro-mirror is
arranged to forward light from the light source towards an eye
of the user via imaging optics arranged in the optical path
between the mirror assembly and the partially reflective
optics, and a second position where the micro-mirror does not
forward light towards the eye of the user, and wherein the
control unit is configured to determine which of the micro-
mirrors should be positioned in the first position, and thereby
determine the position and image of the reticle.

2. The fire-control system of claim 1, wherein the tiltable
mirror defines a planar surface.

3. The fire-control system of claim 1, wherein the array has
a trapezoid shape.

4. The fire-control system of claim 1, wherein the fire-
control system further comprises a rangefinder within its
housing.

5. The fire-control system of claim 1, wherein the optics
displaying the reticle for the user comprise optics being
adapted to create an image of the reticle which is essentially
parallax free relative to the target.

6. The fire-control system of claim 1, wherein the angle of
each micro-mirror may be altered in three dimensions or
along two axes relative to the housing.

7. The fire-control system of claim 1, wherein the light
source comprises a single point source.

8. The fire-control system of claim 1, wherein the micro-
mirrors are individually controllable.
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